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550-W/1-kg fuel cell 

Systems research 

Contaminant studies 

Flight testing:  24-h, 5-lb payload 

Funding ($4M) - ONR 

&G.0i%!"#$%&'()*$#&+,-%./&01+/&232453546675&
&&&&&&&&&&&&8-$&9":;#$<</&01+/&23245354=>3=&

6'1%7"#)*%"1%+-"#$4%

VV]%^%E,)-%=)--%

#$%&'()*+)$",-"."/01.)"&2"23$4"5$44"6&7$*$8"9:;"

?-@A<$B$*&2>&C#.&()BC&D4<E&
A",<-"*&)%&0-F3GH&



Fuel cell advantages:  
•! Higher energy than batteries 
•! Higher efficiency than engines  

 Small engines ~10% efficient 
 Fuel cells ~45% efficient 

Benefit to Navy:  
•! Long endurance electric UAVs  
•! Quiet flights at 400 ft AGL with inexpensive 

payload 
–! Lowers cost and OPTEMPO of missions 

•! Big UAV missions with a small UAV 
•! “Nano-ization” of UAVs  
•! Lower cost and maintenance 
•! Less storage volume 
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Advantages of electric 
propulsion  

•! Near silent operation 
•! Instant starting 
•! Increased reliability 
•! Ease of power control 
•! Reduced thermal 
signature 
•! Reduced vibration 
•! No electric generator   
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•! TOGW  35.5 lbs 
–! Fuel Cell  2.2 lb 
–! Fuel Tank  8.0 lb 

•! Fuel  1.1 lb 
–! Regulator  0.4 lb 
–! Cooling System  1.5 lb 
–! Propulsion System  0.9 lb 
–! Avionics  1.0 lb 
–! Airframe*  15.5 lb 
–! Payload  5.0 lb 

* With NRL supplied internal mounts, 
wiring, etc 

•! Cruise Power  267w 
–! Propulsion  200 w 
–! Avionics  20 w 
–! Flight Controls  20 w 
–! Payload  20 w 
–! Conversion Losses  7 w 

Dimensions 
•! Wing Area    16.9 ft2 

•! Span  17.0 ft 
•! Aspect Ratio  17 
•! Length  7.9 ft 
•! L/D  17 

Attempts to identify a COTS airframe capable of carrying the fuel tank  
were unsuccessful, necessitating a custom airframe design.  
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At start of program, fuel cell could not operate above 60 °C 
Requires 7x larger radiator vs fuel cell that operates at 80 °C 

Solution: Protonex incorporated new fuel cell membranes with 
higher temperature capability 
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•! Motivation: Develop methods to 
regain power during operation 
and maintenance if catalysts are 
poisoned. 
–! Sulfur in air can poison cathode 

catalysts 
–! Electrode performance can be 

regained under certain cycling 
conditions 

H2S 
SO2 

NSWC-Carderock 

Sulfur blocks 
surface of Pt so 
that O2 cannot 
react 



H)(%5)4$'?%?);)-'/)?%4'%*)=';)*%
0,-E,*P/'"0'1)?%E,)-%=)--%

R.$"*$(34)"&2"($^$*+4">$+*("&2"*$($+*5."pM"
WM$<&:$<<&A$#L-#@"%:$&:"%&E$&#$:-F$#$*&*M#)%I&Y)ICB&)L&BC$&LM$<&:$<<&).&
:-%B"@)%"B$*&

"!"#$%&!&%&$'()*&!')!+,-+!
.)'&/01%!2343!56!')!)7,*,8&!
9:%;:(!')!9:%;1'&!

"!<&9)(=!'+&!9:%;1'&!1'!%)>!
.)'&/01%9!2?@4A!56!

_$7"%$).&8"8$%&'()*+)$8")&"
*$5&^$*"23$4"5$44"6$*2&*%+'5$"
0'"4$((").+'"&'$"%0'3)$"

Hawaii Natural Energy Institute 
www.hnei.hawaii.edu 



Flight testing 

11 hrs fuel cell flight 
demonstrated at Aberdeen 
Proving Ground on Aug 25th 

23 hour 17 minute flight test 
with 4-lb payload on Oct 9-10 
at Aberdeen in windy and 
rough conditions 

26 hour 1 minute flight test 
with 5-lb payload on 16-17 
November. Landed with fuel 
in the tank 
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Higher Winds Climb out Cold front from 2 
to 4 AM 
Vehicle flew at full 
power for >20% 
of flight 
Hybridization with  
battery 
inadequate 
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NRL Progress in Fuel Cell Propulsion 
Systems 

5 lb payload 

2 lb payload 

No payload 


